Carbonyls are an important class of oxygenated volatile organic compounds that play a 11 crucial role in tropospheric chemistry as intermediates in the formation of ozone (O3) and 12 secondary organic aerosols. Over the last two decades, China's severe air pollution has led 13 atmospheric chemists to devote substantial efforts to investigate the contribution of carbonyl 14 compounds to the observed phenomena. This study reviews the major findings with regard to 15 the gas-phase atmospheric chemistry of carbonyls in China, including their chemical 16 compositions, temporal and spatial distributions, source apportionments, photochemical 17 formation mechanisms, and impact on tropospheric oxidative capacity, air quality, and human 18 health. Extremely high levels of carbonyls have frequently been observed in China's most 19 rapidly developing regions, such as the North China Plain, the Yangtze River Delta, and the 20 Pearl River Delta, but observational data from other regions are relatively scarce. Primary 21 emissions and photochemical formation are major sources of carbonyls. Alkenes, aromatics, 22 and isoprene have been identified as major precursors on a national scale. In addition, an 23 increasing number of studies has focused on the effects of carbonyls on O3 formation, radical 24 chemistry, the formation of secondary organic aerosols, and human health. The photolysis of 25 oxygenated volatile organic compounds was recognized as a dominant pathway to ROx 26 production, which further influences O3 formation, mainly via HO2+NO or RO2+NO. 27 Dicarbonyls (such as glyoxal and methylglyoxal) make important contributions to secondary 28 organic aerosol formation via irreversible uptake by aqueous particles. Indoor and outdoor 29 carbonyls often pose a significant threat to human health. This review also includes 30 recommendations from the perspective of emissions, observations, photochemical formation 31 mechanisms, and the effects of carbonyls to guide future research and provide scientific support 32 for the formulation of mitigation policies to address photochemical air pollution.
mixing ratios of carbonyls are related to many factors, including their sources (both primary 274 emissions and secondary formation), sinks, regional transport, and meteorological conditions. 275 Seasonal variations and diurnal patterns roughly reflect the influences of these factors on the 276 ambient carbonyls levels. 277 5. Source apportionment 278 The sources of carbonyls are rather complex. Several methods have been used to diagnose 279 or quantify the major sources of ambient carbonyls, and detailed information on these methods 280 can be found in the Supplementary Materials. Here, we focus on the major findings of the 281 source apportionment studies in a few regions. found a strong correlation between carbonyls and O3 in summer. In addition, the calculated 289 C1/C2 ratios exhibited the highest average values (e.g., 1.94) in summer, which suggests the made the largest contribution to the carbonyls level (except CH3COCH3) at Mount Tai, a 293 regional site in the central NCP. Liu et al. (2009) used the photochemical age-based 294 parameterization method and found that nearly half of the CH3CHO, C2H5CHO, and C3H7CHO 295 in urban Beijing were attributed to secondary anthropogenic sources, whereas the measured 296 alcohols (CH3OH and C2H5OH) and ketones (CH3COCH3 and CH3COC2H5 [methyl ethyl 297 ketone]) were mainly from primary sources. Secondary formation usually made a larger 298 contribution to reactive aldehydes than to inert alcohols and ketones. This conclusion was also Severe photochemical smog episodes are frequently observed in the PRD region during 335 autumn because of its distinct meteorological conditions. Intensive measurement campaigns 336 were conducted from September to November 2010 at a mountain site (TMS) and an urban site 337 (TW) in Hong Kong (Guo et al., 2013; Ling et al., 2016) . The positive matrix factorization 338 model results were similar at these two sites. Secondary formation (including in-situ 339 photochemical production and the transport of secondary products) was identified as the major 340 contributor to HCHO (>50%) and CH3CHO (>45%). Meanwhile, secondary formation and 341 vehicle emissions made the greatest contribution (>65%) to the ambient CH3COCH3 level.
342
These findings indicate the importance of photochemical formation. In addition, carbonyls 343 were more likely to be primary emissions in urban areas than in rural areas, as confirmed by factor throughout the sampling period, followed by CH3CHO and CH3COCH3 (Ho et al., 2012) .
361
Higher emission factors of carbonyls were observed in summer than in winter, partly due to the 
